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(57) Absftact 

Tu excavate dTifls, <unjirfs 4 
itdfle*. caveri» or the llluulofll* op* 
eriKinfc in an undGruuuinl to Inner 
are mounted on ladially pMnMc 
iooi fttws, whKh tocAud on a 
roury woriiny: head. With at least 
one tonl (54} on a tool aim (SJ), a 
rentnil jc^uo (£) of the rO-A face is 
cut rfldiaLVv From the nutside in- 
wards 1>* pi*©liii* or'^ l6tl1 afm 
(5 L), dmd with at least one other toul 
raft on a 1oqI arm [32), an cuter re- 
gion (A) surrounding the centrAl rt- 
gion (Z) oF Ihe tdcTc face is out radi- 
alty fcomdw ifla'wJft outwards by pi- 
voting oF the ?oal «m Pivot 
drives (30) For at iwist Buine lowl 
nrrtis [31, 32, 33) w be controlled 
in such a munnw that iroSs-«CtiDn» 
with oonlDurs deAiiatlng t'nun a full 
rirralM Ibap? can ne eul. Muck 
njmoving deviees {27, 28) are wfifii 
for colleclittg and transporting away 
the muck produced by the aitting 
operation. 
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MaUlOd anil macbin* for tiXCJiVatAng drifts, tunnels, 
stopfcis, caverns or thft liKe 

fVftCKGKQtlNO OF THS ItfVKKTIOH 
1. Field pi c»B Invention: 

This invention relate?? to a muchod far excavating drifts, 
tunnels, stopcs, caverns and the 15ke *Uh tools such as 
disc cuttnrB, operating in an urjoareutting manner on a rot* 
face, and a machine for performpg such excavation, 

Zl Description Of the Prior Art: 

Undercutting disc cutters working from a pilot bore- hole or 
opening ere know* at an effective eul'-tin* ayBtam. aincv* In 
such a ense, it is not tilEi tiiflh compressive strength oi the 
rack which must b* overcome , but rather only its low tensile 
strength. . A tunncllina machine with a rotary head is Hr-*Hn 
IDE 31 4D 107 All, which has *i rAlot borer located On the 
fronk: of tbo head working in r conventional m^nr^r (!•■- 
using tl conventional drilling h*adl Slid epaced behind it in 
the OKial qirection, fl plurality nf tool smarts are 
provided wbSth *r* termed as raaially pivotablc arms. jHse 
cutters nounfced on these ar-aun start Croin a centrally locate 
pilot bale in order to cut the lock in an undercutting 
manner- with a radial pivot Inff-out motion of the arms. To cut 
the Pilot holu with a relatively large diameter us.i.mi a 
conventional drilling head requires a great deal of off art 
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and is difficult to achieve concurrently with the operation 
of the disc cutters working in the undercutting node. Xt is 
s .lao comlAwrafl disadvantageous Unit the pilot bore-hole 
drilling procos* require* biglj fcbrust. 

'm another Known tunnalliw machine (DP P7 17 1B9 1)11 . t«o 
pivofcable supporting arms, equipped «ith disc- cutters are . 
mounted parallel to one another on a rotary head in s»ch a 
manner that the* oru located on either aide or a diameter 
lin* of the head. The pivot point* of the supporting nriiVG 
are located on the paripher, of toe heed, in such a -sinner 
that the supporting arrae face one another. Instead of 
drilling a pilot hoi*, in. this cane each oi the two illuc 
cutters make* « tflaxt on the rock at r point . lying on the 
far side of the central Line which corresponds to the axis 
oi rotation of tbe bend, with reepect to the »ivut point o£ 
the aeeooiated supporting Mm, and then movea along the 
path of Pivoting of the arm beyond this central line and 
continue* out to the perimeter of the opening. This meane 
that each diac cutter i= «uM«fc to very different 
condition during the course oi th« pivoting movement of its 
supporting arm. In particular, each disc cutter IWU • ■ 
Mil distance fmn, the central line, this distant 
decreasing until the central line ha= been crossed. 
Policing this, the disc cutter is still operating in the 
vicinity Of the central cutting area . An will be explained 
later, this is inefficient. Moreover, the machino ie 
restricted to the nee of only t«o disc cutters. 

BRIE? SUMMARY OT THE INVENTION 
The object of the proaent invention is to provide a method 
Of ' excavating drifts, tunnels, etopes, caverns or the like 
wing the undercutting principle, hut vitnout the HMH1W 
for a predrUlod pilot opening, produced separately using a 
conventional drilling heed. According to this invention an 
effsctlve cutting oi the rook foe. is possible «»*« 
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favourable candJ.clorje ±or the tools Uftjna solely the 
undercutting principle. Furthermore , e» lurqer number of 
. t.Dnl.3 than two can he used. In addition to fch« method, the 
invention in intended to craate Et machioB which i.* 
particularly suitable for carrying Out the methyl and with 
which drifts, tunnels or the like can be excavated with 
favourable ©pcrutirjg conditions tor bhe tools. TbG invention 
alec aims to provide, in particular , an advantageous 
embodiment al such a machine. Further advantages of this 
invention su*e discussed in the description given bolow. 

The invention prrjpos^a that with at \ttimt one' tool, mounted 
on a pivotablfc tool arm which itself is tyiountad on a 
rotating head of the mEii>liir»r; t a central region be the rock 
Unco is cat radially Crora theoutffide in^urda by pivoting 
the tool ami, and with at least one other tool mounted un at 
least one other pivo table tool arm carrying asiiel tool, an 
outer region surrounding the central roflfion o£ tbe rock tface 
is cut racially "from the Inside outwards by pivoting the 
said other tool arm. Ehe cross-cBcfcion obtained thereby may 
be the final profile or an intermediate profile. 

Such a method makus it possible Tio uxcavate a rtrUt or the 
like advantageously and with particularly favourable sud 
effective operating conditions for the tools without using a 
conventional drilling head to pre-excava te a pilot hole and 
whllts operating entirely according to the undercutting 
principle. The invention tokos into account that disc 
cuttera or similar tools oporating in an undorcutting manner 
will not perform aatisf actorily under certain conditions, 
under whieh Chcy are subject tfl unfavourable effects and 
heavy wear. ThiB is especially the case if all disc cutters 
are to operate under rafllal motion nith the cutter arm 
pivoting from tbti inside outwards, particularly if the 
excavation radius is Miallar than the radius of the 
excavating disc cutter itself. The "excavation radius;" is 
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intended to XktM tha distance tet.ve.en tJlu »l»KB" 
starting point of the «U*«= «" tli« rock fnco and the 
reference axis, i.e. the axis of rotation of the head. Th»»o 
ptnuw «• not P»«nt in the method according to this 
invention, latter. i» «rt« th* oi«o Otter* «» 

.partt. advantageously with regard to excavating 
performance stress antl wear, because of ttalr positioning 

00 the t.061 orns and the direction io which each tool arm IS 
pivoted- 

Tho central region of tbe rock face is normally defined by a 
circle. An cuter rvgioh sunoundihti tliCi ventral region any 
also bo Circular in projection if a circular drift profile 
is desired, however , otter profile* of tte Mb<t rufll on **h 
:■■ also be r""ortiioed. 

X tool or tools positioned for cutting the central region of 
th* rock face and a tool or tooie positioned tor cutting an 
outer region at the start of the respective cutting cycle 
» B y start at radially different points, in euch a manner 
that the cut arans overlap, or the tools way start at a 
«UWMntllU7 W»l distance fro™ the reference a*is< In 
this reapaot, there are several possibilities fox carrying 
out the method »ithin the ecopu Of till- iavantion. 
THrttinw*. it may he advantageous to apply to .the rook 
face at least one tool lor the central region and at. least 
or,* tool for the outer region Bimultnoceus Jy a»<J then to 
pivot the . tool arms radially it. opposite directions, in 
another embodiment of the method according to the Invention, 
the tool* Concerned are applied to the rock face at 
different times at the start of each cutting cycle. 

Different radial proportions bet»eeh the central region and 
M outer region can ha ehoaaa according to the conditions 
ena requirements.. Advantageously, when excavating n>, 
approximately circular cross-section, the ratio of the 
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radial extension, of the central region ol tl\u rock face Co 
thu maximum radial, extftnsion of the outer region thereof 
may )>o chosen so us tr> corr^yponfl at lBa&V appri>Himatt*:i y tD 
the ratio of tha mi/liber of tools working in the central 
region to the number of tools worJqinq- tn thp. outer ropion. 
Khan a circular profile is being excavated', there i£ a 
•virtually tree ctaoic*> not only in size oil the Central 
rcpion and ai?.u of the outer rtsgipsj, but. also in the number 
of tools for each reoianr In 'particular , fgr y circular 
profilo, tii* ' central region in chOBen dfe larfle as possible 
with a correspondingly largo ttujiiber of tools to cut the 
Snme. 

Within the scope of the KiCthod of this inu»ntion. by 
controll inu; the movements of the tool nrnis , drifts or«itope?7 
wi.ch dii i'rjrent cross -sectional sbanuis anfl aifcos may be 
produced- An outer region ayrr ounding tlie central' rsgat»l of 
the rock face may ruceiye a non-circular cross-sectional 
shape either irftmadAately Jirom CJie tool a cutting it, or may 
be shaped subsequently to a desired noncircular' etoas- 
Buction, gftar an initial r?i.rcular croSE-aettion has bsen 
cut, 

It is advantageous in fact that, at first, duri.ni? cut I lug of 
at least a part of th* central ropioit of the rpcfc facp. and 
of an outer r^ion «nirr ©landing the letter, a substantially 
circular cross-sectional outline is cut, and thereaTter tt 
cross -sectiutml profile deviating from the circulet is cut. 
If the central region Hub aiot been fully cut at the star* of 
the stage last TftflntioncQ , -which nsny be advantageous in come 
cases, tha rest of the central region may ba ciit whilu the 
outer profile deviating from the circular is cut. 

To cut tho central region and to cut an outer region, within 
the scope of the method of. thi * ■ invention , an evon number oi 
toola can bp used in each case, either one tool for each 
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region or two tools for Bach region, or wore. Jlnvsv*:* , when 
cuttlivj a crbss-aectional » M £il U deviating from the 
circular, in nn advantageous embodimant ot this invention, 
the number of tools cutting the outer region is choeen to be 
larger tbAO the number of tool* lor the central region of 
the rock face. This is odvanlagroua nith regard t* the po*er 
used for the nwtratLM or reapECtiveljr provided by tho 
tunnelling machine. 

- A machine of the type Mention**, which is P«r CUulsrly 
Boitahle ior carryths out the method described, hus a heaa 
which ie rotatable and ..ovablo in the direction o£ 
excavation, on Which hoad tool arms are mounts Mich arc 
radiftUs pivotal*.-** flrivea relative to n reference axis 
forming the axis of rotation of the head, ■ the tool 
having tool supporta lor tool a, auch as disc cutters, opera- 
ting in ft widerouttino munnor, the machine. being 
eharaetoriaad in thati / 

for cutting a central region o£ th. roc* face, at i*ast 
otic, tool arm ia pivotable from a starting position . in «hich 
its tool is loeatod oci tha engagement point with the rock 
face, lying between the raieronc* a*ia and the outer 
aircamference of the roc* Uc*. inward* CO a rinal poaition 
i« which Chi. tool io locatad nn or noar tha x.f.r.Qea u»., 
and 

for cutting an outer region oi the tuck face, 
purroundins the central region, at least one tool arm is 
pivot able trora ft starting portion, in which its tool xe 
locatad on an engagement point lying batman the reference 
a*ia and the outer eLxci»Ctt«M« of the rooX Jraee. outwarda 
to a- poaition in Which thia tool ie located at tha outer 
circumf Brence of the rgcfc face. 

such a machine doe* not. retire a prearillinfl pilot bnrar. 
but has only radially pivotable tool area. Thia machine la 
able to cut ft rock face advantageously in different regxona 
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oporat, -it* two. but x« H cA M Bt 

MX ™ tool. .«!..« . 4»« r 

„ B6 „it h tool, »» b- «=bo S en «« "^^J*. % irculat 

.varied requirements can bra met. 

«f the rock tac:«. an <?**n aI1 ofiS 

arrangement, 1-0- 4 interval which 

particular, theoombor at to»i - P erB „ti3i 
di „otico « to S uit «* P ^ Rnd/er witfa 

each BS th. h**o Of the « *■ >^ 

which «*rE symnn: ttxeaj. in 
aysnsndCrVr 

previa for. an outer r-tfim „ col . flinlJ to this 

prelMTBd ea*0«lmotlt 0« the invent 
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t«w- the torque r*«uired by one am, M»r».» a mrttlfl- «tb 
tl ,o am* at an angular SPW in, of 140 degrees xw*". 
around 6*Le« the torque. «d a machine uith 4 arm* ■«'» 
degrees Bpndintl needs almost th* auadruplo torque. 

If astgrna! factors' d««and t» for th„ outer r^on. 

then these dwdlfl have ah onaiilK pacing xhich u othor 
than 1BD-. in particular approximately 135» (226'). I- the 
„ae of four arms, tk. embodiment should, in particular ,. b, 
BD arranged that the angular spacing b.««n each pei* of 
aEM i, «• and 135- restively, but th. ovular apacinfl 
raa y ajao be. for axsmplB, 60- and M0-. 1- the .«« of. five 
axn,s. a* L ti. = « of three *«,.», an equal 
.pacing, i.e. a regular arrangement o£ .th* ««■. «°»1<> h* 
advent agsouG * 

tn a profile with an approximately trlnwrtw ^aeic shape, 
two a r»e may he provided *hich nr* offset relative to « 
another by 180- or «hich tether include an 
I3W-I. 2h the case of three arme. theae are -ost suitably 
«r.n- eo that t«o arms ^ - an,lc « 
10. and th. two othsr angle, hav, the 5 ame iL« P« 
approximately «»•- » the case ,f four arm*, a rea- 
rrangement Kith angular .prtlM. of 90< or an -""'"^ 
arrange „ aMC tivaly «S° and 135" between 

• with angular apacLngs of respectively » 
each two arins may be particularly advantageous. 

if W hat ,P hno«n a5 a horseshoe profile or ,i.llir shape is 
to he nut. an even .ufcbr of arms nay be advantageous , 
! o« 3 et revive to one pother by t..-. ~* -» 

to the particular contour of the Profile to » «*. tb„ 
ar «r. arranged with NU.il angular spaces WK, alaobe 
■ advaa t aB eo,e. Also,, more than thrae arm-, »ey be provided.. 
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Jn tbe casft of cutting hp elliptical Dr simile* .prof iif= , two 
arms M y bo uano, which aro at an angle O* 50" rolellv* L» 
one another. This is advantageous wi fcb regard to olficicut 
use of the power provided by the machine, but .less so with 
regard to an even Load on the bead hearing . For this 
profile, furthermore, three arms, with equal. ncv.mU.r- facings 
are possible, but fchn number of arms chosen mny also be even 
larger if desired. 

Ml the above-mentioned embodiments vith their features and 
nLOui£ication» are p«It of tlio prcsunt Invention. 

All available tool urine can be tsountcd on I siool* driven 
rotatabl* bond. However, it any alao b« advnutageoue to 
provide at least one tool arm for cutting the central region 
of the rock face end at leaat one tool are. for cutting at' 
outer rotflon Ol tb* ro«M **** separate heads which are 
rotatabia about a common Mis. This provide the 
poaaibility, for oxairoln, of solncting in a particularly 
advantageous mender the tool-cutting parameters for the 
central region and for an outer region, by operating Ultf two 
heads at diffrirsnt spnuds. 

The pivotal a*is. of at least on* tool ar.o with a tool far 
cutting the central region of the roc* £0O« My »C LWDtBn 
on or near the reference axis, « have a positive or 
negative radial distance tam the reference a*is . These 
options make it possible to boot various- circuit maVV «r 
conditions in a particularly advanfcogeous manner. 

Devices fox pivoting tbo Cool HW are most suitably 
controlled in such a manner that both tho degree and speed 
of movement can bs hUMI as required. Control may in 
particular involve changing the pivotal angle to prodgen a 
radial path chaoqo of the tool and/or changing the force of 
displacement: acting on the tool arm or tool rwUwll", « 
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Mcn caae .it, • » ~^° n 05 th ' s 

rock. 

r „v articular Em bodiment of this Invent^ 
not Mteiwlod- 

, thP tool kb or am £" ««" ing thB 
ThB pivpt drives tor tba tool >w 

< Hip rock tace and tor uit 
central, resxon of tV>« roex t ■ M controlled 

enB tool arm can be coa«°l« ^ fc& 

..otl«» ilittl a £rDm 
ctt t with its tool, 

for the tool ar» B MA. if ■«*• ' 
Pivot dnvee tor the tow ^ o£ sp(}cifiablB 

polled dep.nd.na o« the 

4.-T *«apifief3 positions na\e 

per M-i-U- -^"^.'Jf. that M c t-oi ar« i. 
tool. Jt *- -« ««* » PS ""; dl6C „ tw> The radial 
provided OOl, «ith one tool - W d£ th e 

-forward n oti«n. and hence , the . - ^ 

>. varied * ^^oV "J ^ilJ 

revolution during til* prooa & thi ,, eaa e, 

r«ion. the tool ar» Pivote rndi.lto — 
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with th«: t> B1 -' nmeB B« u,lll,or ' 

the panutraCio* IB increas-d. 

motion 18 i-PWt.* to tbe t0el pMch . that 

tha required penetration «w 
prof *1« M achi&ved, 

aupP oxt B th» * go . ca3acd inner k*«Y — - 
arranB— nt ^ _» fl0 „«,*l«.l IBM (Tunrvr.l 

outer ltBiay. 3l.iM.laJ- to tnese * 
Boring K« chine |. 

♦ hlch 1= «riPP^ in Ch* drift > W in P HrU«lar ho 
Tha part irtuch is «riPPe _ wti „l and in to. 

boriaotltal dir-ctxan.. th " W * aB . -u _ M u.a laiour 

■ wy v^ied application,, oK^pie- 

machine. 

t nr forward fud of IM n*ebi« nay fc* 
ad— .nov^t ox ±«..r which «. « 

£ ormed, £« in B han«. >F ' « p „«.^ 

b crawl" cbaasis. . . 

applies to Un.ar as veil lcllHthE n*d and aborted 

particular, the too! .». ^ ^ Ml . rying tllB W.I 

teleacopi^UX - a " P l !i L tool «•«*«. ■» 

support*. i« «*0dW«t. the 
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MU11 tea the tool a**- ,o « » bis able pfcr* 

^ttei-tll to «*r that a de.iv*. vuttino "01- 
get Furthermore, the tool arwa operatinfl In the outer 
*ay he used to aaaint removal of thr, «ocK cutting*. 
kn o«« a* produce by the U.H tool «. 

be fitted vith device, that Kill help "move the auck >»f the 
mucK removal syBt-enu 

yBti.r--.Mll.. features: pud advantage* .< tho invention 
wil l become dear Cro* toe t6U«0 M enplane ,»»,, of 
•MW.. *««iop.e and lro» the 

claims , 

SR1BP DESCRIPTION OF THE DRAWINGS. • 



In the drawings: ■ . 

Tig. 1, eho«a aa eabO»ia*nt of the MCbinp according to 
the praeant invention in a side va.eB, • 

.to*, o ei^plifiea front «* °* «» " acllitlE1 

•of Fifl", 1, 



Fig. 3i 



e„ W s a ^rtly aienra^atir side view oi a head 
„ith tool ar* S in t« d±M.r«t poeitiona tb.nftt. 

varioue atages o£ operation, reepectavely * plan 
vie* Of the rock face and a corresponding "de 
vie* of the head, the side vio«s Booking only one 
tool ar- each for the outer region lor the «ho of 

-We view of «> aujostebl*, fiw^wie 
t<?t?i flfWt and 

and 14, Btaow W turtlior example, ol croaa- 
sactional prof^a . iMek <"» *" 
accordance «ith fchifl iwveivtion. 



Tig. 12, 



Fifls. 11 
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DETftlbBn DE5SCMPTI0H 

«,« tunnelling machine shown in rigs . 1 and a has an outer 
body 1 and an Inner hndy 3 guided diaplacuably therein by 
nanus ot cylinder-ptscon units 3. On tho. front end of the 
inner body 3, ft head i. in rotatably mounted, ft ■«« 5 as 
provided, which is tor exanpln hydraulic, aa a rotary drive 

for the head 4. A plurality of such motors may ha provide, 
The lettev M indicates ft referents axis. «Meh extends ..n 

the direction of advance and in in particular equal Co the 

longitudinal akiB of the machine av tho axis of elation of 

the head a respectively. 

The outer body 1 ie carried together with a baud irasm 6 by 
a crawler chnaeie t and in equipped with . davicn tot 
vertically bracing against the floor arid the roof of tn* 
drift S. This device comprises a pair of trout upper pripper 
device* U, a pair of rear upper. grlSPM devices 11. a pair 
of front lower gripper devices. 13 and a pair of rear lo*ar 
gripper devices 10- These grdppar devices can be raised nod 
lowered by upper and lower hydraulic cylinder- piston unit. 
IS and 16 and can be gripped against the wllB of the drift. 
In additiou, a roof shield H Is raouuted on the top of the 
outer body 1. Said Shield is connected to the outer body 1 
by coupling bare U and cylinnar-piston unite 13 anrt can be 
pieced B «axn.t the roof of the drift to protect the aachine 
fro* fallinP rock. Such ehieid can also be. provided in the 
front of the machine if desired. 

An outrigger U is counted en each si do of the ontsr body 1 
end In pivotsbly connected to the outer bod, by jointplates 
23 and can ha pushed ageinet the side «13 df tho drift by a 
cylinder-Pi > ton unit 23. These outriggers 21 Ptovids lateral 
stability for the Machine. Several such outriggers could be 
provided on each aide. 
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According to the circumstance. It «tf ndv-utegaoue 
to provide, inetead of aueh Stabilising «ltriM««. 
devices for rigidly bracing the outer body 1 against Vbe 
-id* wall of the drift in- the b«t*ot.fc*l. diction, for 
eMW le, aimiUt to the devices 11 to 16 ueed for -vertical 
bracing- An eaboflia^t is also incluflaA vhich haa, only m> 
device tK horizontal bracing and optional -parts ioi" 
providing Stability in the eertical direction. Separate, 
stabilizers Can olou Ud provide fW the gear box driven*, 

the head d of the Hmchii,* in wtar to reduce vibration of 

the head. 

Tho gripper devices 11. 13, 13. 14 of the treeing device are 
suitably ..trt.d to the drift profile. J-.M- .« 
grippar MyiCM.. clawing shields or ths like can -be 
provided. 

the machine in the .nbodiMiit .how., aieo nas..iutar alia, 
the following parts: a cabin U C- the operator 
control panel 35; an aggregate 26 with supply and/or driva 
UEitS ; nrt removing davices W. » *or collating «pd 

traneporting avay the nrnc*, and ax, anchor hole dr»U 29 to 
provide roc. support. Further **ans for providing rock 

support as »*11 aa othar -appl— acarjr cen be fxtted 

on the machine- as required. 

As eho«n in Fig. 5 iP particular, three too! arris 31. 32 n*d 
33 are provided OA the head 4 at egnal angular distance troe, 
M0 another and each having a tool support U. « and 43 
r „ ttB T 14 « an<3 fl& siiitabife for 
holding a dxsc cutter 14. n 

undercutting operations. Bach tool aria 31, 3* ■«* " *- 
runted in a br.O.t 35 countud oh the zront of tto Mad 
in S „ch a -annor that the tool ere can pivot about an «i. 
3B in a radial plane. For this ptupoee. a c^nder-pi.to,, 
unit 30 (H0.3I i- br«M- t~ «*1 ar*. Khxdh 1- 
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cout-lca by it. rear cylinder end to a tubular part • Of the 
hea d 4 ^tending i»to the inn« ^ *» "- fctin rn * 
in each unit 3P la oonneoto* to ■ wUlmr 39 of: M™ 
reapectiva tool arm by a pivat Saint or the Ilk.- « ' 
and a fen other figures tb. pi«t drive* 3* are only 
indicated by dot-dash lliw.. «UiBh can bo construed as baing 
centra linaa of the piston rods of. the units. 

The pivot drivee 30 for the tool *™ aa» be ecCuateU both 
individually or together, in »hich case the control can be 
curriod out mamM> or HO ta.dti«llr d UP ood ln , on 
predeter-inea cchditiona . or wholly or partly according to a 
computer program. 

BogtrdlM the tool «r»e 31.. 32. M. rtgoren .1 . 3. S. 7 3 
and 11 —.-If.tb. ^1 in cooh «... for U,, ,«h» 

o£ clarity o£ the arawins, 

. * , l}.,± a-i-i three tool arum 31 r 32 » ^3 

Th« Rrranoeraent =is such, that all w^b t 

1 a e*uo»e a starting potion Co, thu option u ^ 

seated b.M« the Ml*.'-** axis « and the qumi 

.ireu^oroboo I th* uritt. »1. start**, Potion „ , 

lB Vigura. 1 and 3 in full Unea. and aa also ..hut « 

Fi gure ». tool » 31. 32, 33 «. bO pivoted out ^o 

t£ starting position into their response f.nal 

to £or» the d* S ir*d *Ut Protil,- — « 

, and 3 Kith brohen line, and further a he«» In rt 0 u™n , and 

11 reapectivaly. 

,_ 75 thE embodiment 

In addition to the tool arms 31, 3a, 3i , a* 

grated. . further pivotable W - » ^ * . 
KhSch - vie W ca in the olroMCwatUl directs - « »ountad 

, -,, ,„ A ->i iv-ia a] . It? monnti.ng xr. 

between the tool arms 31 ano 33 Ikig. ai 

in principle »i»dlar to that of the ufcHer tool arma, i.e. xt 
w P P ^ b „ „ , r i.. 3 ) fixed to.tbo worXwo 

ia mounfcBfl on a praekta 55 (riy. 3J 
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M . in anc, a — , t*t it can i. a » di; , 

pl9ns afcout en aaia 56 . As !« pivot dnvn. „ tta- -1 

- , unit &U is provided, which ensaoae k!U> * 

e-i -,t.i uii\clv nay substantia-' « 

piston rod a * is : Tmb p , h other tool 

i— — » - » — «- 

arms either manually . or & G a aeque 

" a" pre-«VP™- - ^ aUlMbl * ' 

,„ tool arm 51 has a too! support 52 «th a dine cottar M. 
T?hB tool arm 31 ao • I & ,. hHL ,,1- viift cither 

form ol U»t Parts ».y corrawonfl to Urn I »t. .V 

tool arn* 31, 3a, 33, ■ 

• * i ^cis » »« tool a ™ 51 B,W «™' ,ea iD 

• tne pxvot.l axis rBferB nca «L «• 

a ependifttf . l t .? B U diatMCe +a t... tb. 

oega txva * & ' tEr . a may bB decisive . «», 

the pivotal a*xa 56. W»«U - tratls .p 0 ,-t 

the™ beim« thosa of transput c.i»«>«on. 
conditions of «h« machine. 

i ™ 5i dun be pi™« d oC * *« ,rtiD9 P°" tion ' 

Tlie tool aim 51 can »e j» ^m*** noinr E2 

I- s -t- tool 54 t. located OTi at. enoanoWOnt .poutf w 
in „tacn lU tool circumference- of 

bBtM aan the » 7x it r.«h.. a position l«. 

rtrift radially inwards until it readies a p . 
th» drift, rae y locatE d pear or on th. 

Flcrures 1 and 3 . 
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* he operation of the .aehlu* will bn A^ibld hnlnw 

awarding to a particular wriioH, MiSlu Wl-xrinp bp th«i 
append t!<3 drawiasrs. 

The carting portion for a-cutting cycle can be »«* ,itl. 
the engagement - Pain« El and 13 fro* the .011. Un- - 
Figures 1 to a, and from Plguros 4 and 5. 

Tha tool »l « ^1 a™ 51 i. culling .» 

WT.Kl.it.iy central part of tb. rool, f". B 

Iodised as a central region 7., wheroaa tb. toola «..«. 
46 on the tool axme 31. 32. 13 .re intended far cutting on 
outer region A surrounding the central region Z. The latter 

i. aW xo*i»atHW drlvlt ^ a dfi ". " itB a - 

circular profile, *h.n generating other protile*. it » a y 

also have asiotbsr shape. 

During t&u rotation or the head 4. the tool an. 51 ie 
pivoted gradually radially iuwarda iron th» .UrtaM 
position as previouely mentioned, Oy oe-ans of at* . pxvol 
drive 50, in the direction of the arro* W. Buring tbx>. it. 
tool 34 W the central region a of the roc5e f.ee B fro.. 
thE outside inwards. The radial farvard advar.ca dwtonuiwn' 
hJ the .*»,. in th« Pivotal angle per revolution of the 
hEad can remain constant durlug tb. cutting cycle, or xt »ay 
be altered, in particular increased. Ibis U »vonr*d by he 
£act the, «ith each revolution- the contact area under the 
aiDC cutt.r !• reduced, so that « the ea„e thrust, the 
penetration ia increased. 

Simultaneously *>* the start of operation oE Ml « *r 
optionally «ith o ti«c lag. a pivo^.g .o»««,t xn the 
direction .of tn« arro*a F* radially fro* the 

i. to the tool ar»e 31. «, ■■- « » 

MM . * the drives 3D. ea that the toole Id, « and 
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start to cut the o\\t*l- region 4 from tlwti raepectivr: 
ueraent points Bl. 



Ut) ga- 



in Fiouroa E and 1, the tool arMfl 31, 32 and 33 have reached 
their outer final positions for this operation, and the 
tools 44, 45 ana 46 have reached thfc outer CliMBulei o£ tbe^ 
drift and have cut a circular croes-eecticn lean ilj.0 tha' 
finfll position of th« arm 32 shown eith a broken Line in 
Fig. 3). 

Durina this ptocesa. the tool arm .V). may have- reached its 
final inner portion, as is shown in Fig. 3 by a broken 
line, so that the tool 54 has therefore cut the "hole 
central region Z. This is Ml advantageous nay:- to proceed if 
only a cireulur crosa-aeclion ia to be out. 

When cuttino a noncircular drift profile, tor enable, an 
approximately square profllo roundDd corners according 

to Pig. 3 and Pig. 10, this may be effected, for example, by 
first cutting a profile *ith a circular outline and then 
cutting .the parts Khich deviate from tM circle and/or 
extend beyond it. 

This may be effected b, a continuation of the operation 
hitherto, in vhie). the arm 9 31, 32 and 3H cub a profile Of 
.approximately MUare basic shop* with rounded corners , aa 
Figure 10 aho*e. The tool arms nru. in this caac. controlled 
«ith regard to radtial path Md/or throat, so that tho 
diffarwit penetrations, required during a . rotation of the 
h«d result, in order to produce the desired profile The 
final position of Oie arms ia shown in Figure it. 

If cutting Of the central region % i* .till not complete 
When the arms 31, 32, 33 have already generated th« final 
contour, it la also pof.sibls to proceed & o that the arms 31. 
32 J J ore sraved into inactive position, until the central 
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■ „ * haa b BB n ^.pletely cut.- M * «•« '» y 

particular by movln, ita * BtaB " 1 *' t00ls ,*« 

in FiaOrrj 9 indicataa. This prevent* the tool* 

re^inina i. contact with u» ^ 

piwotBa ^.u. nlso M , 3Cful lfJ 

veer*. 5uch retraction at tin.. 

ao ma Dth« «P«t. Of tP* cutting OP^on. 

— r the, H. t«. ■ inaicated ln , ig0jrE 7 

" Tir^ O .l^ p-.iti--.W-r- Mil*. ■ 
arms 31, 33. 33 lntP achie! veU by iliBhtl, 

:::: r; " r^. — — — - — - 

*ith Figure 12, 

ana/or w novii* tM ™^ * y naan - 

7 a£tE r «lM«i«ff th * oriBP" dBvices. 

- ~ ■ drift, tunnela, .top.-. ™v-«a or U» Ilk. witb 
Ap .rt- fr«* drxft., t Bl> pw*±-t«,iy or 

» «-rr ; a \tL "c^ « t,i, t«P-t»- - - 
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the u PP ar Part and * Mat tloor. and Figure 14 an elliptical 
profile such oa »t b. -BlUliW. J*r a —1 ^ «»*a«. » 
addition, thc E6 tw. Figures a»o« in "oxon liner, the 
Circular centaur* «bich have been produced initially 
according to ttt'e method described. 

». tool «» 31. 32. 33 and the tool ar» 51 con be Xoc^d.. 
aB aho,m. on . sinsl* head 4". in another 

^J.eras for cutting the central region and for «.tl»Q «" 
outer radio, o* mounted on a«p««tai y **» h "*" " 

ui»t»u«; f« • i- 3 b * °'\ 1 

hea a. in ..d. . n«f» *- " ol - 61 <" * • 
region is ...a* ~ « inner jmd (AM and tb. tool ar-s 
2 M ; U for the outer region era mounted o„ on outer. 
aOT ,ular heed («) . ^ U « «» '"'l 

Tth haads or* rotate — «..» a suitable ^ «d 
can be' driven stately at ■ ^v.ou.ly. the 

extraction and arrangement .of ft.. Ui> * IM pert* „ 
suitably chosen a* a modification of Chose =bo,n in 3. 

Ml or oni, none or ft. too! supports oitn tne tools hald 
therein can ba «.ountod adjustably on tb. aaaooi^d too 
.1^ ^ a linear ; or ait* . **fl« 

. -w** both tD tDOlB f " " 

cental region and to tools for cutting an outar raoion. 

. As> an example. Fidur* 12 *ho HS a telescopic arronuun^t ol j^. 
t„l e™ »: X elide **« «7. "hich on xls 
car ri*S t* a--**- tool support 63 With a dxac cottar 
L, slid in a tubular -.1* Part of the tool .» M. Tta. 
ouUard or ^ of tb* .11*. .—-■ »» 

B «OOt*d by a 68 ? 

tool am. instead or tU., - threaded sp.ndle or uthor 
stable adjusting or moving flavioe can b.-pr.»i«*. 
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W U« ^ability - «» tool aU P PO rt ti «ur M pr~«- 
in various «aya. the tool aupport &2 can bn coui».nu 

0 uid*a e.g. Pi*°t*biy on tha too! ar m and c b. fixabla 
a pre-aat angular p«iti« . W wbe<tt*»t «ho»n i» 

bro Rcn lines in Pioure 13. a « U oad a, a 

spacer, abieh U Pi»r«d by r-ara-a net E bo,n. «ath which tb* 
tool «pp«t M i= fixed to thl ill* 67. -W" 

«..'».*- GO Cor one »ith a alfrerent .top.. t». angular 
position of the tool support 63 can t»e varied. 

Ma ul.r adjuat.ant or a tool support can he provided Hhitf,, 

adju.t.-ant; alao only l«Wl tudi.n.1 .djuet—t can Uu 
provided. 

All feature* ^ntioned in the ahove description or »h«« in 
the ora*i« g = intended, aa tar M tb* »-» ,tate of the 

art par.it*. to be cohered aa falling Hithm tta acopa pr 
the present invention either iBdlviduill* or in cognation. 
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Method fox excavating drift*, tunnels., slopes, cayern-, 
' or the Itti. -itb tools, -en ... disc cutters, 
operating in « undercutting .anner on a rocX face 
runted « « «. runted on head 

statin, about a reference a*ie ^ ^ 
diction of excavation bo a, to pivot radially 
relative to that reference axis, character xseo in that . 
.ith at least one tod on a tool ar* a central region 
or the roc. face is cut hy pivoting that tool «. 
radiaHy from the outeide inwards, ana in that HXtb at 
Last one other tool on another tool ar,- an outer 
region eurroundihg the central region of the rock face 
Z Z oy pivoting that other tool am, radially fro, 
the inside cmtwariis, 

2, Method according to clai™ 1. characterised in that at 
l.„t one tool for cutting the central regxon of the 
roc, face ana at least one tool for catting an out 
region of the roc* face are substantial*, 
^ultaneoualy hrou 9 ht into contact with the ropH face 
and are pivoted in opposite directions relatxve to ti» 
reference axis* 

3 Hethod according to either of claims 1 or 2 
characterised in that at ieaet one tool for 

<ox cutting an outer region of the rock face ar 
bought into contact with the rocH face th 
substantially the .... "dial dietance £ro» the «i. 
.ence ^ end are pivoted in opposite d.rectmna 
relative to the reference exia. 
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4> Heth** according to one of cl*i» S 1 t o 3 , 

in that the ratio of the radial extension of the 

central region of tha.roeK ««• to the 

pension of . the outer region of the rocK f ace 

surrounding the . central region 

approximately to the ratio of the number of tool, 

working in the central region to the number of tool- 

working in the outer region. 

5 hethod according to one of clai™* 1 to 4, characterised 
ta that wh.n cutting a noncircular profile, at first 
W hen at least part of the central region of the rack 
f a ce i. being cut, together with an cuter region of the 
roc* faoc surging tha oantral region, a HMltuUy 
"liar «««t«-l iS sub5a 7 nUY 

. nr-cUm Profile deviating frn the circular xa 

cut. 

6 Machine for excavating drift,, tunnel*, scopes, caverns 
or the like having a haad «hich t- rotatable and 
movable in the direction of excavation, on which head 
tool arena are counted which are radially Pivotable by 
drives relative to a reference axia forming the axis at 
rotation of the head, the tool arns having too 
supports for tool., e.ch as disc cutters, operating in 
an undercutting manner, characterised in that: 

- for cutting a central region (Z) of the rock face 
lB ). at least one tool ar* (51) is pivotablo from 
a starting position, in which its tool (Ml « 
locate or, an engagement point (E2) lying between 
the reference axis Wl ««* «.. outer- circumference 
of the rock face IB), inwards to a final position 
in »hich its tool (541 i« X«,«t.d on or near the 
referenba axis CM) 7 and 
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_ for cuttin, . outer region »\ of the 

,B) surrounding the central region 125 . * I— 

sta rtin 0 position, in ^ich ^ tool l« t «. «> 
is located on an engagement Pint (BO ««S . 
Lean the reference «d. • *U - «* 
citc U»fer« M of the rocfc fac* (II. outwards to 
rolitioc in which its tool (44, 45. 461 » Xoc-t,- 
Jt the outer circumference of tM roc. face (.1 - 

T according to elsia G. characterise in that for 

cubing an outer region (A) of the ««*»~ <» 
odd J.her of tool « I*. 32. 33, is ■ 

— ~ —i ^;vrr^. « - 

cutting a central rcgiw» i . .i 

/at> and for cutting an outer regxon IM «* 
tool arm {51)., ana tor c * .„ j,, sre 

the roch M »l three tool arms W. 32. 

provided - 

. „ QT1E of claims 6 to 8 r 
9 . H achxne accords to «■ ^ 

ene tool arn, 151) nth a too! «M1 *• 

central region («) of the rocK a=e *> - P ^ 

on or near the reference axis tM) , on eitn 

oaid reference axis. 

Machine according to one of cXai*a 6 to 9. 
characterised in that at least one tool «- 51 
MttinB the central region t« - - ^J^,'* 



10- 
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n. Machine' according to one oi B i,i- • « 

chu.ot.rM by hydraulic « pne-at^ *«=.. CM. 
50! as drives far- the tool an»B (31. 32. 33, ^ - 

H „, ine ^cordin* to one of d.i« S . ta U 
characterised i» that the drx*M l» «* 
respectively) for the tool «. or arms (U for eutt ^ 
the central » B I« <», of the rocK face and Jorjh 
CO ol arm or arx» S (31, 32. 31, for cut*- « 
region (4) of the roc, face (.1 are contxollabla 
independently of one another. 



13. 



14, 



MachinB eccordina to one of cla« ■ « * . 
characterised in that the drives (30, for thu tool 
Ls 131. 32. 33, for cutting the outer W « ° £ 
™ -in face (B, are controllable to cut — 
sections with noneircular eantour*. 

„ ±D OI1 = of claims 6 to 13. 

:::: i™ ». ... «> « ° oc ° ra "" 

to a predetermined prASfrani- 

Ma chine accordin* to one a, " ciai- £ - 1. 
Characterised in that too! support* f.I. «. «. J. 
' :M , are runted adjuatably on the tool «- t31. 33. 
33, 51, 61) ■ 

« « a obioe aocordin, to clai* 15. charactered b y tool 
"p P ortn .(6 2) «hich are *ount*d displaceabl, on the 
associated tool arms 161) . 



15. 
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Machine according to claim 16, characterised in that at 
least one tool arm (615 has a telescopically extensible 
part 167 J with the tool support (62 ) mounted at ite- 
end. 

Machine according to claim 15, characterised by tool 
.supports (41, 42, 43, 52 r 62} whose angle relative to 
the associated tool arms (31, 32, 33, 51 , 61 \ is 
adjustable. 

Machine according to- one of claims 6 to IS, 
characterised in that it has a part U> fixable in the 
excavated drift iS) and a part [3> with .thy Head UJ 
or heads U&, 4BJ dieplaceablo relative to said part 
(IS * 

Machine according to one of claime 6 to 19. 
characterised in that it has means for advancing or 
retracting the head <43 o£ the machine or the entire 
machine, 

Kachine according to one of claims 6 to 20, 
characterless in that it comprises muck removing 
devices (37, 28) for collecting and transporting away 
the muck. 
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Fig JO 



Fig ii 
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Fig 12 





Fig 0 



Fig 14 
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